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1. IN’I’l{O1)  lJ(:’1’ION”

‘III( tI(vxl  Ii)]  tiio(l(l II[}(l:tlittp,  :Itiw> ill  III( ],lo((>~  ( I I ”
(,otisttl](ii]l~  ;1 tll(’(11’(’ti(’ill  1110( 1(’1 of”il S1!ll(”((l[ (’. Ill 01(1(’[
10 itlll]t(~\.(~ tli(~ ;I(.(III; I[. \ i]] III(, 111( )(1(’ I I(~,\lJ(I]Ih(, l)l(~([i(-

ti(llls. tll( 1)1(-l(wt  fitlil( (,1(, tIII’r Il t[l(t(l(’1  of” :1 ~lIII(t III(’ i>

(ll~(lillo(l to 111;11(”11 :Iv;lil:ll)l( (l~ll;lllli( 1(’hl (Iill il. ‘1’11(’ p,ol(-

(Jl ill }]1”01)1(’]!1 (If S(!([(”(l[l :11 1110(1 (’1 I]])(l;llit]/,  itlv(]l\(~h  111(’
h(~l(xtiot] oftll(’lllo(l(’1”  flolll il l)illill  ll(,t($li/(’(l  (’l; l>\(lf tll(M-
(,1 S lllilt I)t(J\i(l(x  tll(’ 1)(%1  fit to 111(’  111( ’il\lll (’(1 [Iyti;ltlli(
(Iiltil ;l\ jll(ly,($(l  1)}’ ;111 ;l})}]lcl[,li:tl(,l~ S(,l(,(l(,  {1 ]11(,;1s1]1(, (1[

f i t .  ‘J’fi( ]):]]atll(t(t> itlv(]l\((l  ill  111(  Ill)(l:ltillp,  ;II( stl(I(-
(Ill ill sli(l’ll(w ;1[!(1 111;1Ss  I)to[x,]li(w, ill(.lil(lillp,  l)ollll(lill’~
[x)t](litiotls ;1s \v(’1[ il+ fixity ((~]l(litiot[h ill tll(’ Stlll(tlll”ill
joitjts. ‘1’11( f’oll(nvill~ ill( 111( (Ii  fli(lilti(, h il~~()(iili(  ’(1 \vitll

this itl\(,]s( l)lol~l(’tll: 1 )  tli( (IIIWII (1;Is5 of ]I:llilltl(tri(
fitlit( (Ilf’]ll(llt 111()(1(’15 i s  Ilot ]([ll(s(lll:\tiv(c)ftl[(’  +1( ’ltlill
S1l’1l(,llll :11 l)(,llil\”i(ll’  l o ]  :tll ]Jossil)l(”  \’?llll(’s  of 111(’  1110(1  (’1
]~:11:11[1(’t(’l’s;  2) tll(’]ll(’:lslll”(  ’(1 (l~l[:tr[li((l:it:l  :ll(’(”olltilllli-
11;1((,(1  1)} ’1[l(’:)slll  (’1!1(’111 (’1l’O1 :3) tll(’>(’t ofol)h(’lv  (’(1” 1)01”

i s  lIs(liIllJ :1 stII:Ill SIIIIS(JI  (J t} III SI’I  (~f’ 111() (1(’1 1)01”  (111(>
to t]]{ lil[lit ((l III II IIIKII (If s(tIsoIs  IIsc(l 01 (Itl(’ to litll-
il(’(1  ;Ic((v+iltilitj  ~~”itliit]  :1 st]ll(tlll(’:  :111(1  -1) tlI(’  11111111)(’I
(If i(l(lltifial)l(,  Ill(xl(w  of Yil)l”ilti(l[l  is lttll(lI  I(hs tllall tll(’
1[1111111(’1 of 1110(1 (’1 1)01’”  (111(’  to 1:11’g(’  111( ’il\llt(’111(’llt  Ii(lis(’

fo]  lli~,ll(l 111()(1(++, lil[!i~(wl I):ltl(llticltll itl tll(’1(’sJ)()!ls(’:111(1
llill(l\Sill”(’  lilllit:lti(~llS. ;JS ii 1( ’Slllt, stl’11(’tilt’~11 ]110(1(’1 l]])-

(Iil{illp,  i s  a (ll:tllctlp,iti~  ])1”01)1(’111 lvlii(ll lll~ly :11~() 1(’~1(1 to

Iloll-lllli(]tl(  sol(ltiolls:ill(l  ill-((jr[(litiottittp)  [1-1].

1!1 l)ilS( \(’ill”h, S(’!”(’1?11 slti(li(s  II:]]”(’ 1)((11  (l(v(~t((lilll((-
(Jl]rili]lp,  Iillit(’  (,1(,111(,111  lIl(~([(,l\  \villl  111( ’il$(ll”(’(1 tittt(~  his -
tol~  [)! I!i(l(lill (Iill;l ((’.~. [1.:1,.7)-13])  1’J;I(’11 1[1(’1110([ lI; IS

it> ()\rll ;l(l Villlt21~,(’h ;Ill(l sll(l!t(ot[(ittjy  ilfl(l tll(’1’(’  is 110 a(-
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lllap,llil  11(1(’ of” tll(’ 111( ’~is(ll’(’1ll  (’111 (’1 )’01”s (’x J)(’(”t (’(l 1)(’IM’(’(’Ii.
111(’ (,x}j(’)iltl(’lli:ll illl(l IIlo(lill f’t(([ll(~ll(i(s  /(1[(1  lll(~(l(h}l:lJ)(%
f’(}t (’:1[”11  1!10(1(’,  l(slm”ti\(l~.  ‘1’11(’  si7(’  of 111(%(  (t 101>  (’illl

1)( (otrll,[ll((l ft(tttl it Stilt  isli(jll  arl;ll~his  of 111(  ’;1s111(’111(’111
(Iiltil t;lli( ’11 fl(llll IIllllli!)l(’ 1[1(1(1 {1} t(’~1 :III:IIJ’S(+I.

‘I’l I(L lltllillo\\”ll  (~]];l])fili(w  itlvolv(,(l it) 111(’ ])rol)(h(’(1  lll(’;l-
SIII(,  of’fi~ (1) i[l(.l[t(l(, itt a(l(litiot) 1(} 111(’ 111(1  (1(’1 }lill; llll(’-

t(ts (). 111(, (X) II I] I(III(IIIS of 111(  1((.101  <~, of fli(, (ottttil)tll-
ilip,  1110(1(’S :It l)otll lll(iilSlll  (’(l illl(l 1111111 (’:ISII1(YI  1110(1(1 (i(’-
p,t(, (w (~1 ft(,(,(loftl. ‘1’11( (jl)f itl];ll Y(XI( II (~,,, i I 1, ,  ))1

l(wllltillp,  flolll 111(1  lllitlitllix:[ti(}tl  i s  tli(, (,xl)atl[l(’[]  IJI(I(l(,-
sll:l}l(~s  \vllicll  ill(’ (x)llsist(tll \riill  11!(’ 1!1(’:1S111’(’(1  lll(~(lill
(lilt;l illl(l 1}1(’ ll])[l;ll  (’(1 1110(1(1.

‘1’11( ol~tiltli7~ttioll”  ill (1) ;Ili(l  (2) (ill)  })( I](tf’otttl(’(1  Ilhitlp,
:l\.:tilaljl(’  ill(xlll;llit,v  (ollst;litlt (~])titlli7:ltioll  1(,(.lllli(lll(,s.
I l(l\\’(’\  ’(’l . tt[is  is ii (’olltljl(’x  ;111(1  tilll(’-(otlstltllit[p,  11o11-
Iill(’ill  (ll)liltli7iliiotl  }~lol)l(’ltl. fl ]tiot(”  (otl\(tli(tit  i\\(J-
SI(,}) il(,lilliv(’  ])10(’(’(1111(” i s  11s(,([ \vlli(.11  ilyoi(lh S()[li(,  (If
ilI(’ (“(llllllll fill i(ltl:il (Ii fli(”lllli(s :Ilisitly, ill  111(’  (’oil Sllilill(’(1

IIlillit[)iz;itioli o f  ( 1 )  ?{1[(1 ( 2 ) . ‘1’}1( (I(l:iils 01 tl)ih J,I(I

(Y KIIII(J ;IT(,  I)r(H*IIt (xl ill 1(’f’f,I(~II(’(’h [1 1,12, 1 ~)]. l’it>l,  (’x-
]):111(1((1  lllo(l(’Sllil])(’S  :11(’ (’0111 ])11(( ’(1 1))’ s(,lvitlp,  111(’ 1’o11-
strait ](,(] IIlilliltl  ixilti(ltl  I]toljl(’ttl  gi\(t] 11)(’  (1111  (’1)1  111(1 (1(’1
of tll( sIIII(lIIH  :11  111(1 I;-lil il(l:lli(l[i Sl([)i (Y)tI(hlMHt(l-
irtp,  to tll(’  [“1111’(’llt  ()))tilllal  Vtllll(’  (If tll(’ ])ill~llll(’t  (’l s(’t  O
(l(’si~,ll~it(xl  I)y ti(L). ‘1’11(’  tol)ll  Sllll’Ss ;111(1 l(liill)ility of tll(

lIlo(l(’Sllilll(”  (’X]) illlSioll t(’(lltli(l{l(’  f(lt ~]r(’(li(titl~  t}l( tII()(l(,-
S1);1])(, (’0111 ])[)11(’1115 ;11 1111111 (’:ISIII (’(1 ])oitlis nil Y(’ 1)( ’(’11 S[l(’-

(Ywf’tlllj” (,\ ’zllll:li (’(1 it] :1 }J)(’violls St 11(1~ llsitlp, il(’t  Il; ll (’X-
])(,lilll(’llt  ill (Iilt:l ()}ltiiill(’(1  011  ill{’ .1[1 l’]()])illsi()t)  l,;ll,(,l:l-

t(IIy IIli(lo-l)l((isi(lll  itlt(tl(lolll(t(,l  tt[ish  [It”k  17]. (: IHIi -
lWI(II  \vitll otll(’1  ltl(xl(v+l!;l])(  (,xl):lllsioll 1((.lllli(lll(w.  tl[(,
1(:(s( S(lllilt’(>S  tttittitl}i~,iltiol]  t((lltli(lil(  Tvitll  (Ill:l(lt;iti(  itl-
(’(]llillil)’ cotlsllilitlts I\’il S 1(11111(1 1 0  l)to\i(ll” 111(’ 1110s(  1’(’-

liill)l(’ 1110(1( sll;i~)(’ (Islil[l;lt(s,  (v(t)  ill  :I(lr(ts(’  sil(]:ttiotls
(If sip,t}ili(:ll)t  111( ’il Slll’(’lll(’llt all(l 1110(1 (’1 (’l 101. l’s(’(1  u’it II
(,1( ’111( ’11( stlaiti (’f[(’lp,,l’ Ill(>il  Slll(>S.  it 11;1$ ill S() 1)( ’(’11 (l(’ll loll-

S t  l’ill (’(1 t () l)r(’(li(l Sip,tlifi(illl(  tlio(k’liftp, (’t 1’01 lo(:)lio])s”
lll>lt (’0111(1 })( 11 S(,(1 ilS ;1 &lli(l( ill Ilt)(lillillp, tll(, (’lilSS 01”

fillit(  (’1(’tlt(til  tIIIMIIlh  (lIIJ)loy(xl it) t(ll  II I(KI(I  (x)lt(l;ltioll
st(l(li(,> [IT].

III tlt( s(Y(H)(l  ht(l) of tll( t\vo-st(l)  it(l:lliy(  I,r(m(llll(,
tll(}  ]lill’t(ll l(’t(’t’S  of tll(’ 1[10(1(’1  ;11(’  Illl(lilt (’(1  llsitl~ tll(} l:lt -

‘A 1 1),  i : 1, . . . ,/// oftll(, ((~lr[lll(,  t(, ltto(l(-(,S1 (’still l;lt(+ (,),

Sllil[)(}S. ‘1’tl(’ ol)tilllill J’illll(’S ti(k 11 )  (oll(’s])otl(litl~,” 10 t 11(’
L-{ 1 it(t:i~iotl  :IT(, ol~taitl((l  IJJ tll( solt]tioll”  of ~111  iltI(otI-
stlaill(,(l  lllitlil[li~atioll l)I(J1)I(’111.  Sill((’  tll(’  (l[~[lill(’(1  fiftit(
(’1(’111(’tll  1[10[1(’1  ol)tilill(’(1  :It tll(’ 1:-1 1 it(’lilli(~ll  (.olliilill  S itl -

il(’(’1ll’  il(’i(’.~ (111(’ to tll(’ f;l(’t tllilt 111(’ (’.XI)ZIII(l  (’(I 1110 (1(%11 ;ll) (’S

al(’ l);  is(’(1 011 :111 illil(”(’111’ilt(’ l!lO(l (’1 ol)t; {i fi (’(1 :If 111(’ ])t[’\’i-

OIIS itl’l:lti(]ll 1(. 111(1 t\v(l st(’[) IJI(I((YIIII(I i s  r(l](’:~t((l (Illtil

(Y)lI\w,lp$II(’(L  is I(,:I(II(Y1. S]~(,(’ifi(’illly, tll(, it(lilti\’( ])lo-

(.(,ss is

\\ll( ’1(’

sllo\vll

t(,tl[liliat(,(l \vl 1(, II O(A i ‘) [/(’) f f)~ ‘ ‘) < t,)l

I(J i s  :1 (is(t-s])((iIi((l  tlll(v+llol(l  l(Iv(l. I t  (:11) I)(I
tllill  t i l l}  ol]tiltl;ll sol(lliotl”  () il!l(l (,’), (Jljt:titt(,(l f’t(}lll

tll( it(liltiv(’  {IV()-S((J)  ])10(”((1111(,  i< :11s(1 111(’ (Il)tilllill S(llll-

tiotl of” tll(” oti~illill ill(vlllillitj” (.orl+tt:liti(,(l luillillliziltiot)

I)lol)l(lll (I(%(t  il,((l 11~ (Y[llilti(llls (1 )  illl(l (2).

‘+. . AI’I’I,l C: A’J’IONT ‘1’() 11’}~;X-1]  S’J’I{lJC;”J’IJ I{ II;

‘III( 11’ I;X-11  1)()()11)  Sllll(tlll(  is ii Y.:{ 111 Ilitl(-l);ly

tlll(,(’-(lil ll(,llsiollill ,\lJI,l’; IJ(’l)l(lj”:il)l(’ .ltti(lllat((] NI;Is1

(.-\l).\hl) \vi(ll p,t:ll~l,it(-(l~(,x~ Ill;ist lK~(,III aII(l st((l c:I-

1)1(,s stll)l)li(,(l l): .jl; (’-. \lll,ll,  III(.  ‘J’11(  :\l).4\l-h121st  i s
(’ollhtlll(’1((1  fl(llll &lill Jllit(,-(,l)(JXJ”  101]/,(,1(111S  :111(1  ll:ltt(~lls,
1~)-~)  1’11 Stililll(’Sh St((’l 110(1(% ;111[1 l:lt(’}1  +15 A(’1111)1(’S,  tltl(l
(’](ss 3[)2 \Yit(  101X. ‘J’11(  JV(ip,lil  of tll(, ll’l; X-11 1)()()1[1

S1l’11(’tlll( i s  il\)\)t’OXi lllilt(,l} ~11 1)01111(15. lk,l:lils of tll(
Sllll(llll ill (ollll(wtioll”  ilt tllf<  Illii ill 11( 1(1(,> ill’(, hllo\\ ’11 ill

l’ip,tit(, 1.  ‘1’11(’ slt II(t III( i s  h(li(’lrl;lli(:illy  SIIOIUII  it[ lf’ip,-
lil(’ 2.

1!1 tll(’ 1110(1;11 t(’St  (’(Jllli&lll  illioll.  111(’ Il);lll-llilst I)ill(’

Irtlsh I\i15 [ollsi(l(,l(xl  ill its (:llltil(v(’1 I)(hilioll  \vitll  flI(,

{ix((l (’11(1 Sillllllilt(’(1 11}’ illl:l(’llillp,  ttll 1(1111  lrlil~l/stlLll  ith
l(ll’il(’($ })(lillth  (){’  111(’ .\l):\ll-ll:l\(  1);11(”  tlll~s 1(1 ~t Iix((l
tli[)lllltirlp,  fixtlll(,  1)01(  1( ’(1 10 l\v(j tl:l(”kh  (111  a lllil Shi\”(’ ;,t:ill-

it(, t:ll)l(’. ‘I’lt(p,t; ttlit( Iill)l(’ l\”il>Sl]J  )l)(ltl (’(1 to  111( p,l(lllll(l

I)J’ f’olll  \Y(lo(l(’11 1110(  ’1<S.  ‘1’fl(’ ft(’(’ (’11(1 01  111(  lll~lst  \\’jl~  ill-
1;1(1)(’(1  10 :1 rigi(l ().;-itl  tlli(l: :Illlt[lilltll[l  l)l:lt( of 1.-I.G2
Iiotltt(ls. .\ (1( ’tilill’11  (I(wlil]tiotl of” ltl( Sllll(tlll(’ illl)ll~,
\vitll 111(, lII(J({:II t(,st (I{wti[}ti(}lt illl(l S(111[) ( i  I l l  1)( 1(11111(1

itl [18]. :1 101:11 of ~$S ii((”(~l(totll(~l(’ts  \\(v(  11s(’(1 ill  111(’
IIlo(l;ll t(,st ‘ 1  11(’ :((’(”(’1(’] 0111  (’1(  ’1” 10(”:11  ions /111(1  01 i(’llt il-
ti(jtls  ilt( silo\\’11 it! }’ip,llt( 2 illl(l  tll(’y  \\ ’(’\(’ s(’1(’(. t(,(l 1):15  ((1
011  ii l)t(~-t(,ht  illl; ll\’Si\ :1!1(1 (’tigitl(’(,tillp,  ,jll(lj;  l’111(’llt

‘J’fll’  (1;1ss  of fillit(  (’1(111  (’llt 1110( 1(’1s  of tll( S(lll(tlll(  \YilS
cll(h(,[l  tlsi[[~  (’fl~itl(’(’till~  [xl)(,li(,ll((  to l(J)l(w’tlt  ill sllfli  -
(i(, tit (1(, tilil tll(, l)(ll:iviot  of (11(,  (.otifi(’(.  tiotls” ilf 111(’ Ill)(lf, h

il~ Ii’(’11 ;IS il(l(’(]llilt(’1~ 1110 (1 (’1 Sl)lll(’ of tll(’ lo(”i[l  lll(l(l(’th
(,xl)((l({l ill  1})(, ft((lll(ll(y  l’illljJ,($ of ilil(t(  ht.  Sl]((i{i-
(’ill l,J’. (~; l(’11 of  tll(, l(JIl~,(’l”oll  ;111(1 tll(’ l)tltt (’11 1[1(’1[111(’1S IV(’1(’

II I(NI(,IIIYI I)y h(fv(’11 :111(1 f(JIIl IK:IIII (,l(LIII(*IIIs, ~(wlw(li\”(,l\.
1’1:1(’11  (Ii;lp, ollill  St(’(’l  (“:11)1(’ i~il~ 1110( 1( ’1( ’(1 1)1’ f(llll lll:lSS-

l(%s Il(,illl[ (’1(,111 (’11(5.  “1’11(’ ])[)110” (ollll(xliotl” (1’ip,(it(,  1(:1))

\V:l S 1[10(1(’1[(’(1 ilS il sill~l(’ 110(1(” ffitlt /i 1[1!111)(’(1  111:1SS. ‘1’11(’

cotlll(vli(jl15  ilt tll(’ joitlts, slIOI\.11 ill I’igtl](, 1(})). u(~t(,

II I(I(I(JI(YI ill  (l(t~!il  llsill~  ~)l:lt( (Jl(lll(’tits. (’(lll(”(lltl:lt(’([
lIlii SS(’S \V(’1(’ il(l(l(i(l to tll(> IItaitl  110(1(’S of”  t}ll’ till SS to il(”-

(“ollllt fol tll(’ Stlll(’t(ll’ill 111;1SS fl”olll  tll(’  Ill;lt(’  illl(l  1)( ’illll
(,1(~1)1(’llth, ‘J’])(’ :Illttllillllltl  ])lilt(’ :Itt:l(’11(’(1  t o  tll(i fl(’(’ (’11(1

JV; I+ 111(1  (1( ’I I(KI 1)~ fii(’ I)l;tt(’ (,l(~]t](,]lts. ‘I’f I(I l(wllltillp,  fillit(’
(’1(,111 (’llt 1[10(1(’1 llil~ 51 1 1 (l(’~,l(r(’S  (If ffo(’(lolll.  ”

‘J’}i(g,(, otll(tti( t)()]lli]l(;l) still”ll(hs (111( to tll(l:llp,(’1)1(’lo;l(l



.

011 tll(’  (Iiagotl;  ll S1 (’(’1 (’ill  )l(’h ~viis  ;]1so (ollsi(l(’1(~(1  ill tlI(,

1)(:1111 (,l(l[l(llts (ollll)lisitl~ill( Iitlil(  (l(tII(lIl 111()(1(1. ‘I’f I(’

stifltl($h r(xl(l(tio]i  (1111’
t o  tl,(, l;l]~(,  ;Ixiill 1)1’(’10;1(1 ill  tll(’

I)(ill[l (’1(’111(’IIIS \VilS {01111(1 10 I)(’ illll)oltilllt
ill t]l( lllo(l(’l-

tmcf

itlp,  ()  tll(’ C(JII(Y.f  ]Ili(.]()-(lyll;itlli( I)(,ll;iviot  0 1  111(’ >tl(l(’-

,  ]lo IY(’\’(’1”, \’iil”iiltioll  of 111(’ l)l”(’lO;l(l  “;ll’l(’s ‘)1 “1)”

l)lo])xitll; it(lj 20-30(X” il llolllillill \’illll(’  of tll(’ 3(K) I)ollll(lh
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Figure 2: IPl;X-11  Structure with AcceleronK’ter  l,oc~tions

Table 1: Results of model updating; Variation in tmms of number of model parameters and number of
modes inclu:icd in the analvsis

—— N1ODEL hfo[)E’1 h’1oI)E.1. NIC)I)E:I. NIOL)EL.
TEST

h’tOD’EL.

3 P.4R 3 PAR 3 P.4R 4 PAR 4 PAR
D.4T  .4

4 PAR

5 MODF.S 7 hlO[)F.s 9 MODES 7 h’tOI)Es 9 MC) I)I:S 11 hlOI)F.s.——

‘ –  Frcq. Frcq. Freq. Freq.
Ivlod~# Freq F’rcq. F’rcq.

& t\’pc F.rr.  ‘k F.rr.  !LoF.rr. YO -_
l;rr. 70 I:rr. % Err. ?40

(117) .
?.4 0.1 0.3 0.4 -().3

1 (El) 19. I 0.s
2.0 -0.00 ()~-—- -0.7

2(E31) 19.2 0.5
().02 -4. 1-—- -4.7

3 (iii-._32. s 0.2 -0,6 -~,~_———— -1,~
4 (B=)— 71.T -5,7 .5, () .——

-1.3 -2.9
-6.T -1.s

5 (E?+) 71.i- . —-—-
1.1 -2,3 @.02 o.3-— -0.9

6 (B2-) 105.2 -(),5—— 09 “::_ -2.5 -().2 0.04 -1. I
105.47 (~~ ~ -0.s

11.2 6.4 5.5
S (T3 10s.9 10:3 10.5 6.7

:4.6 “–” ~.7 -9.5 o.?-— -2.7

9 ( XT) 136.5 6.5 _ _—
5.1 5.0 3.6

lojix) 1s2.5 S.5
4.6 4.5 3.1

11 (B3) 1s3.4 so 10. s
10.7 ;I 9.9 4.9 9.i—— 7.5

lZ (T~) 9.3I 907 .
.——

——
?03,3 7.s 9.7 3.5

13 (X2)
‘1’aranle[cr  I’alucs  fir the O timal N!odel
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